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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 
certain areas on Federal lands to determine their mineral resource 
potential. Results must be made available to the public and be submitted to 
the President and the Congress. This report presents the results of a 
geochemical survey of the Mazatzal Wilderness and contiguous roadless areas in 
the Tonto and Coconino National Forest, Gil a, Maricopa, and Yavapai Counties, 
Arizona. The area was established as a wilderness by Public Law 88-577, 
September 3, 1964. The Mazatzal Wilderness and contiguous roadless areas were 
classified as a further planning area during the Second Roadless Area Review 
and Evaluation (RARE II) by the U.S. Forest Service, January 1979.

INTRODUCTION

In 1979-81 a reconnaissance geochemical survey was made of the Mazatzal 
Wilderness and contiguous roadless areas, Gila, Maricopa, and Yavapai 
Counties, Arizona.

The Mazatzal Wilderness and contiguous roadless areas comprise about 
452 sq mi in Gila, Maricopa, and Yavapai Counties, Arizona, and lie about 8 mi 
west of Payson, Arizona (see figure 1). Access to the vicinity of the study 
area is provided on the east by Arizona State Highway 87; several U.S. Forest 
Service roads go to the east boundary of the wilderness from Highway 87 and 
Payson, Arizona.

Geologic Setting

The Mazatzal Mountains lie at the margin of the Basin and Range 
physiographic province in a region of Arizona where the mountain ranges are 
about as wide or wider than the intervening basins. The Mogollon Rim, which 
defines the southern physiographic border of the Colorado Plateau, is about 
5 mi (8 km) north of the Mazatzal Wilderness. Paleozoic rocks, extensively 
exposed along the Mogollon Rim, have been largely eroded from the wilderness 
and roadless areas. The few remaining masses of Paleozoic rocks in the 
wilderness rest on thick sequences of mostly steeply-tilted, stratified 
Proterozoic rocks and on Proterozoic granitic rocks. These rocks are similar 
to Proterozoic layered and intrusive rocks exposed widely in central Arizona 
east and northwest of the wilderness. Tertiary volcanic rocks exposed within 
the wilderness are at the southern end of a large volcanic field that extends 
north and northwest for more than 100 mi (160 km) in the western parts of the 
Colorado Plateau and adjacent areas of the Basin and Range Province.

Physiography

The Mazatzal Mountains constitute the dominant physiographic feature of 
the wilderness. The eastern slopes of these mountains rise steeply from 
3,500 ft along the valley of Rye Creek east of the range to 7,903 ft at 
Mazatzal Peak. To the west, the range slopes steeply from the crest, then 
more gently along the lower flanks to the Verde River, one of the main 
drainage channels of Arizona. In the northern part of the wilderness, the 
East Verde River, a tributary of the Verde, occupies a deep canyon that 
separates the Mazatzal Mountains from mesas to the north. The lowest parts of
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the wilderness have altitudes of about 2,200 ft and are located near Bartlett 
Reservoir in the southwestern part of the area studied.

fCTHODS OF STUDY 

Sample Collection

Rock samples were collected at sites shown on plate 1. Analyses for a 
total of 364 rock samples are listed in this report (tables 3).

Rock samples were collected from outcrops or exposures in the vicinity of 
the plotted site location. Most samples were taken from areas of observed or 
suspected mineralization including mines, mine dumps, and prospect pits. 
Altered areas and structures were sampled where observed.

Sample Preparation

Rock samples were crushed and then pulverized with ceramic plates to 
mi nus 0.15 mm.

Sample Analysis 

Spectrographic method

The rock samples were analyzed for 31 elements using a semiquantitative, 
direct-current arc emission Spectrographic method (Grimes and Marranzino, 
1968). Spectrographic results are obtained by visual comparison of spectra 
derived from the sample against spectra obtained from standards made from pure 
oxides and carbonates. Standard concentrations are geometrically spaced over 
any given order of magnitude of concentration as follows: 100, 50, 20, 10, 
and so forth. Samples whose concentrations are estimated to fall between 
those values are assigned values of 70, 30, 15, and so forth. The precision 
of the analytical method is approximately plus or minus one reporting unit at 
the 83 percent confidence level and plus or minus two reporting units at the 
96 percent confidence level (Motooka and Grimes, 1976). Values determined for 
the major elements (iron, magnesium, calcium, and titanium) are given in 
weight percent; all others are given in parts per million (micrograms/gram) 
(Table 1).
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TABLE 1. Limits of determination for the spectrographic analysis of rocks
based on a 10-mg sample

Element Lower determination limit Upper determination limit

Percent

Iron (Fe)
Magnesium (Mg)
Calcium (Ca)
Titanium (Ti)

0.05
.02
.05
.002

20
10
20

1

Parts per mil lion

Manganese (Mn)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Lanthanum (La)
Molybdenum (Mo)
Niobium (Nb)
Nickel (Ni)
Lead (pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zi rconium (Zr)
Thorium (Th)

10
0.5

200
10
10
20

1
10
20

5
10

5
20

5
20

5
10

100
5

10
100

10
50
10

200
10

100

5,000
5,000

10,000
500

2,000
5,000
1,000
1,000

500
2,000
5,000

20,000
1,000
2,000
2,000
5,000

20,000
10,000

100
1,000
5,000

10,000
10,000
2,000

10,000
1,000
2,000



Chemical methods

Other methods of analysis used on samples from the Mazatzal Wilderness 
and contiguous roadless areas are summarized in table 2.

Table 2. Chemical methods used

Element or 
constituent 
determined

Gold (Au) 

Mercury (Hg)

Determination limit* 
Analytical (micrograms/ Analyst 

Method gram or ppm)

Atomic absorption 

Instrument

0.05 

0.02
(Jerome)

J. 

M.
B.

Grey 

Spoo
Arbogast

Reference

Thompson and 
1968.

Modification

others, 

of
McNerney and others, 
1972 and Vaughn,
and McCarthy,

Arsenic (As)
Antimony (Sb)
Zinc (Zn)

Bismuth (Bi)

Cadmium (Cd)

Copper (Cu)

Lead (Pb)

Silver (Ag)

Tellurium (Te)

Tin (Sn)

Colon' metric
Atomic
Atomic

Atomic

Atomic

Atomic

Atomic

Atomic

Atomic

Atomic

absorption
absorption

absorption

absorption

absorption

absorption

absorption

absorption

absorption

10
2
5

1

0.05

5

5

.05

0.1

2

B.
B.
B.

B.

B.

B.

B.

B.

B.

M.
B.

Arbogast
Arbogast
Arbogast

Arbogast

Arbogast

Arbogast

Arbogast

Arbogast

Vaughn

Spoo
Arbogast

Ward, 1963.
Welsch and Chao
Modification

1978.
Modification

1978.
Modification

1978.

Modification
1978.

Modification
1978.

Modification
1978.

of

of

of

of

of

of

Chao and others

Welsch and Chao

1964

, 1975.
Viets,

Viets,

Viets,

Viets,

Viets,

Viets,

, 1978.

, 1976.

1 The determination limit is dependent upon sample weight. Given limits imply use 
of sample weight required by method. Higher limits of determination result from 
using less than required sample weight.

Analytical results for rock samples are listed in Table 3.



RASS

Upon completion of all analytical work, the geological and analytical 
data for the samples was entered into a computer-based file called RASS (Rock 
Analysis Storage System). Any or all of this information may be retrieved and 
converted to a standard form (STATPAC) for computerized statistical analysis 
or publication (VanTrump and Miesch, 1976).

DESCRIPTION OF DATA TABLE

Table 3 lists the analyses for the rock samples. For the table, the data 
are arranged so that column 1 contains the USGS-assigned sample numbers. 
These numbers correspond to the numbers shown on the site location maps 
(plate 1). Columns in which the element headings show the letter "s" below 
the element symbol are emission spectrographic analyses; "aa" indicates atomic 
absorption analyses. A letter "N" in the table indicates that a given element 
was looked for but not detected at the lower limit of determination shown for 
that element in table 3. If an element was observed but was below the lowest 
reporting value, a "less than" symbol (<) was entered in the table in front of 
the lower limit of determination. If an element was observed but was above 
the highest reporting value, a "greater than" symbol (>) was entered in the 
table in front of the upper limit of determination.
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